The infectious virus (HVJ-pi) obtained from BHK cells persistently infected with haemagglutinating virus of Japan was found to be temperature-sensitive as well as causing little or no cytopathic effect (c.p.e.) and leading to establishment of carrier cultures in several cell lines at both permissive (32 °C) and non-permissive (38 °C) temperature.
INTRODUCTION
Several factors involving both the virus and the host take part in the process of the establishment and maintenance of persistent infection. It has been put forward recently that selection of temperature-sensitive mutants may be involved in either establishment or maintenance of persistent infections both in cell cultures and in animals (Preble & Youngner, I973; Preble & Youngner, I975 ) .
We have previously reported a temperature-sensitive phenomenon of virus maturation in BHK cells persistently infected with HVJ (BHK-HVJ), and some properties of a temperature-sensitive mutant (HVJ-pB) isolated from the carrier culture (Nagata et al. t972; Kimura et al. ~975) .
In further studies on BHK-HVJ cells, it was found that haemagglutinating particles released into the culture medium from the cells, which had been regarded before as noninfectious components, were infectious to BHK and L cells, and that infectious virus could be isolated in eggs by inoculating them with the culture fluid of BHK cells infected with BHK-HVJ culture medium. The infectious virus (HVJ-pi) thus obtained was found to be Y. NISHIYAMA AND OTHERS temperature-sensitive as well as showing little or no c.p,e., leading to establishment of carrier cultures in several cell lines at both the permissive and the non-permissive temperature.
In order to obtain information about the role of HVJ-pi in the establishment of persistent infection, comparative studies were made of some phenotypic properties of HVJ-pi and HVJ-38 which was obtained by passing wild type HVJ in eggs at 38 °C and was proved to be highly cytopathic.
This paper presents comparative studies of these two viruses in relation to the mechanism of persistent infection.
METHODS
Cell cultures and media. BHK cells, a continuous cell line derived from baby hamster kidney cells, were used throughout this study. L, Vero, HeLa and FL cells were also used in some experiments. These cells were grown in Eagle's MEM supplemented with IO ~ calf serum, IO ~o tryptose phosphate broth, and antibiotics. The same medium, from which calf serum was omitted, was used for maintenance of the cells and for virus growth. A carrier culture of HVJ-infected BHK cells designated as BHK-HVJ was originally obtained by prolonged cultivation of cells which had survived HVJ infection of BHK cells (Nagata et al. I972) . The surviving cells were subcultured at 34 or 35 °C in the growth medium, and persistent infection in this cell line has been maintained to date, after 35o subcultures over 4 years. In most passages, more than 8o ~ of cells exhibited a haemadsorbing capacity when tested after cells had been grown to confluence.
Viruses. The Nagoya strain of HVJ was used in all experiments. HVJ-38 was obtained by serial passages of wild type virus in eggs at limiting dilution at 38 °C for three times, and was proved to be highly cytopathic. Stock virus of HVJ-38 was prepared by allantoic inoculation of I o-day-old embryonated eggs with o.2 ml of I o -2 dilution of infected allantoic fluid. After incubation for 3 days at 32 °C, allantoic fluid was harvested and stored at -80 °C. Isolation and preparation of HVJ-pi virus are described below.
Infectivity titrations. Infectivity titrations of HVJ were carried out by two different assay procedures. Infectivity in eggs (EIDs0) was determined as described previously, except that the incubation temperature was 32 °C (Nagata et al. I972) . Infectivity for L cells (CIU: Cell Infecting Unit) was measured by a modification of the fluorescent cell-counting method of Kashiwazaki, Homma & Ishida (x965) . Each coverslip (8 x 30 ram) with a complete monolayer of L cells received o'o7 ml of appropriately diluted virus in PBS and the adsorption was carried out at 3z °C. At the end of the adsorption period, the coverslips were washed with PBS, and then maintenance medium was added. After 24 h at 32 °C, the coverslips were collected and stained with anti-V or anti-S fluorescent antibody. Twenty fields in a given optical system (IO x ocular, 4o x objective) were counted on each coverslip and the mean number of fluorescent cells per field was obtained. By measuring the diameter of a microscopic field in a given optical system, the number of fields per coverslip was calculated to be 15 IO. Therefore, the total number of fluorescent cells per eoverslip is a product of the mean number of fluorescent cells per field and the factor of 15Io.
Immunofluorescent staining. For immunofluorescent staining of intracellular antigens, cells were grown on coverslips in bottles, air-dried, and fixed in acetone for 20 min at room temperature. The coverslips were covered with fluorescein-labelled rabbit anti-V or anti-S antiserum, and incubated for 30 min at 37 °C. They were then washed three times, rinsed and mounted in buffered glycerol. Microscopy was carried out with an Olympus fluorescence microscope.
Titration of HA and haemadsorption (HAD) activity. Titration of HA and HAD were performed as described previously (Nagata et al. 1972) .
Neuraminidase (Nase) assay. Nase was assayed by a modification of the thiobarbituric acid method of Warren using a fetuin substrate (Laver & Kilbourne, 1966) . o.I ml of test material in PBS was mixed with o'o5 ml of fetuin, and the pH was adjusted to 5"o by adding o'o5 ml of 0"4 M-sodium acetate buffer. After 6o min of incubation at 37 °C, the reaction mixture was used for the assay of free N-acetylneuraminic acid. Optical density was read at 549 nm (OD54~) against a blank tube containing fetuin plus PBS.
Haemolysis assay. The virus samples in I ml of PBS were distributed in test tubes, and 2 ml of 1 ~ suspension of chicken erythrGcytes in PBS was added. The test tubes were left at 4 °C for I h, and then incubated in a 37 °C water bath for I h with occasional manual shaking. The erythrocytes were pelleted at I5oo rev/min for I5 min. The extinction was measured at 54o nm against a blank obtained from incubating erythrocytes with PBS.
Virus purification. Purified HVJ was prepared by the method described previously (Maeno et al. I97O) . Crude stock preparations were concentrated by centrifugation and layered on to a linear Io to 4o ~ sucrose gradient in PBS and centrifuged at 15ooo rev/min for 3o min in a Hitachi RPS 25-A rotor. Twelve-drop fractions were collected from the bottom of the tube and assayed for their biological activities. The peak fractions were pooled and used as purified HVJ.
Polyacrylamide gel electrophoresis. Samples for polyacrylamide gel electrophoresis were suspended in I ~ sodium dedecyl sulphate (SDS) and I ~oo 2-mercaptoethanol in o.oI Msodium phosphate buffer, pH 7"2, and heated at Ioo °C for 2 min. Acrylamide gel columns were prepared and electrophoresis was performed according to Maizel (I969) 
RESULTS

Isolation of infectious virus from haemagglutinating particles released from BHK-HVJ cells
Confluent monolayers of BHK-HVJ cells grown at 35 °C were washed with PBS and incubated in maintenance medium for a further 24 h at 32 °C, when a considerable amount of haemagglutinin was detected in the culture fluid. After centrifuging at 2o0o rev/min for 2o min, 2 ml of the culture fluid was added to BHK cells in a I5o ml bottle. After incubation at 35 °C for 6o min, the cultures were washed with PBS, incubated in Io ml of maintenance medium with I ~ calf serum at 32 °C, and the medium was changed every a days thereafter. Haemagglutinin became detectable in the culture medium on the third day and a considerably higher level of HA was reached around 7 days, when culture fluids were harvested and assayed for HA, EID and CIU.
As shown in Table I , the haemagglutinating particles in the medium of BHK-HVJ cells had no infectivity for chick embryos in accordance with the previous observations. However, the haemagglutinating particles released from BHK cells infected with BHK-HVJ culture fluid were found to be infectious for eggs. Therefore, a virus stock was prepared by allantoic inoculation of to-day-old embryonated eggs with the infected culture fluid of 76 Y. NISHIYAMA AND OTHERS * BHK-HVJ cells in bottles grown to monolayers at 35 °C were incubated with maintenance medium at 32 °C for I day. The culture fluid was centrifuged at 2ooo rev/min for zo rain, and the supernatant fluid was assayed for HA, EID~0 and CIU.
t Confluent BHK cells were inoculated with the supernatant fluid of BHK-HVJ cells, and incubated at 32 °C. Maintenance medium was exchanged every z days. On the 8th day post infection, the culture fluid was harvested and centrifuged at 2ooo rev/min for 2o min. 
Comparative studies of HVJ-pi and HVJ-38 Virus growth and c.p.e, in BHK cells
BHK cells in 15o ml culture bottles were inoculated with egg-grown HVJ-pi or HVJ-38 at an input multiplicity of approx. Io CIU/cell. After incubation for 60 mill at 32 or 38 °C, monolayers were washed twice with PBS, and incubated with 12 ml of maintenance medium at 32 or 38 °C respectively. At intervals after infection, the medium was removed and assayed for HA and infectivity. As shown in Fig. i , HVJ-pi was temperature-sensitive in its ability to produce virus progeny, while HVJ-38 grew well at both 32 and 38 °C, although the egg infectivity titres of HVJ-38 at 32 °C were slightly higher than that at 38 °C. It was also noted that BHK cells infected with HVJ-pi exhibited little or no c.p.e, in contrast to the cells infected with HVJ-38, in which complete cell destruction was observed in two days, although HA production in the medium was higher in HVJ-pi infected cultures than in HVJ-38 infected ones.
Persistent infection with HVJ 77
It was suggested that c.p.e, brought about by paramyxoviruses was caused by accumulation of virus products in the cells (Choppin, I964; Holmes & Choppin, I966; Alexander et al. I973) . To test this possibility in our case, experiments were performed to compare the ratios of released and cell-associated HA titre between HVJ-pi and HVJ-38 infected cultures, in relation to the development of c.p.e.
Monolayer cultures of BHK cells in 5o mm Petri dishes were inoculated with o'4 ml of each virus at an input multiplicity of infection of Io CIU/cell. After adsorption for I h at 3z °C, the cultures were washed twice with PBS, and incubated with 4 ml of maintenance medium in a 5 ~ COs atmosphere at 32 °C. At appropriate intervals, released and cellassociated HA titres were measured. For measurement of cell-associated HA, the cells detached by EDTA treatment were suspended in 2 ml of PBS, and sonicated for 3o s.
As illustrated in Table 2 , the cell-associated HA titres in HVJ-38 infected cultures were approx. Io times higher than that in HVJ-pi infected cultures, and conversely, the HA titres of the culture medium were rather higher in HVJ-pi infected cultures.
These results may suggest that in cells infected with HVJ-pi, virus particles are released readily from the infected cells soon after virus maturation as compared with HVJ-38 virus. 
Biological activities
From the preceding experiments, it was inferred that infectivity of HVJ-pi for chick embryos was much lower than that of HVJ-38. These differences were further confirmed by comparing the EIDso/haemagglutinating unit (HAU) and CIU/HAU values of the two viruses. As shown in Table 3 , EIDs0/HAU ratio of egg-grown HVJ-38 was about IOOO times higher than that of egg-grown HVJ-pi, although no significant difference was found in CIU/HAU ratios between the two viruses. In the case of BHK-grown viruses, the CIU/HAU ratio of HVJ-pi was about Io times higher than that of HVJ-38.
Other biological activities of the virus particles of HVJ-pi and HVJ-38 were also compared. To compare the neuraminidase and haemolytic activities of both strains, the infected allantoic fluid and culture medium were dialysed against PBS at 4 °C overnight and diluted by PBS to give 64 HAU/o'25 ml. As shown in Table 3 , the neuraminidase activities of HVJ-pi, either grown in eggs or in BHK cells, were significantly higher than that of HVJ-38, while no significant difference could be found in haemolytic activities between the two viruses. 
Thermal stability of haemagglutinin and neuraminidase
Purified viruses of both strains grown in eggs were heated at 40, 50 and 60 °C in a water bath. No strain difference in thermal stability could be found when the viruses were heated at 4o and 6o °C; haemagglutinin and neuraminidase activities of both strains remained unaltered after heating at 4o °C for 12o min, and both were inactivated at 6o °C very rapidly at the same rate. Significant difference in heat stability of these activities was found when the viruses were heated at 5o °C; the HA and neuraminidase activities of HVJ-pi were destroyed much more rapidly than those of HVJ-38, as indicated in Fig. 2 .
Polypeptide composition
To compare the protein composition of the virus particles of both strains, viruses grown in eggs and in BHK cells were purified by density-gradient sedimentation in IO to 40 PBS-sucrose gradient, and analysed by polyacrylamide gel electrophoresis after treatment with sodium dodecyl sulphate and z-mercaptoethanol. Fig. 3 illustrates the results of one such experiment. The designations for the virus proteins are those suggested for Sendai virus by Scheid & Choppin 0974) .
In the case of egg-grown viruses, no significant differences were observed between HVJ-pi and HVJ-38 in their stained pattern of five major polypeptides (P, HN, NP, F and M). In the case of BHK-grown viruses, however, significant differences were observed between two strains in the relative intensities of the polypeptide bands, namely the relative proportions of the total three glycoproteins (HN, Fo and F) to nucleoprotein (NP), calculated from densitometry examination, was a'7 for HVJ-38, whereas the proportion for HVJ-pi was I.I.
6-2 8O
Y. NISHIYAMA AND OTHERS * Confluent monolayers of BHK-HVJ-pi cells grown at 35 or 38 °C were incubated at 32 or 38 °C for 2 days in the maintenance medium. For fluorescent antibody staining of intracytoplasmic V and S antigen, cells grown on coverslips were used after fixation by acetone for 20 min at room temperature.
"~ Haemadsorption (HAD) was graded from (-) to (+ + + +) depending on the percentage of cells exhibiting haemadsorption. The maximal reaction (+ + + +) signifies that over 75 % of cells exhibited haemadsorption.
:~ Percentage of fluorescent antibody staining positive cells.
These data suggest that the virions of BHK-grown HVJ-38 may contain relatively higher amounts of the glycoproteins which constitute the spike-like projections of the virus envelope when compared with those of BHK-grown HVJ-pi. However, more isotopical experiments are required before we can explain the fundamental nature of the differences in the polypeptide composition between the two strains.
Establishment of carrier culture with HVJ-pi
Since, as described in the preceding section, BHK cells infected with HVJ-pi exhibited little or no c.p.e., attempts were made to subculture these infected cells and to establish carrier cultures. Monolayers of BHK cells in ~5o ml culture bottles were inoculated with egg-grown HVJ-pi at an input multiplicity of Io CIU cell. After 6o min of incubation at 3 z or 38 °C, the monolayers were washed with PBS and maintenance medium was added. After 2 days' incubation at 32 or 38 °C, they were subcultured in growth medium at 35 or 38 °C respectively by threefold dilution. The cells maintained at both temperatures grew well and became confluent in 3 days. They were further serially subcultured at 35 or 38 °C every 3 days. One part of these cultures at fifth passage was incubated at 32 or 38 °C in maintenance medium for 2 days, and HA production in the culture medium, haemadsorption activity and the presence of intracellular virus antigens were investigated.
As indicated in Table 4 , almost all cells of both lines incubated at 3 z or 38 °C contained V and S antigens in the cytoplasm detected by fluorescent antibody staining. Ceils of both lines produced high titred haemagglutinin in the culture medium and exhibited intense haemadsorption when incubated at 32 °C, while the cells exhibited neither haemadsorption nor production of haemagglutinin in the culture medium when incubated at 38 °C. As described above, if BHK cells infected with egg-grown HVJ-38 at an input multiplicity of I0 CIU/cell were maintained at 32 or 38 °C, almost all cells were damaged within 2 days, and could not be subcultured.
To summarize these findings, BHK cells infected with HVJ-pi and maintained at permissive or non-permissive temperature, could easily be serially subcultured, resulting in the establishment of carrier state cultures, in which almost all cells were carrying virus antigens. * Confluent monolayers of various cells were infected with egg-grown HVJ-pi or HVJ-38 at a multiplicity of lo CIU/cell and incubated at 3z °C for 2 days in the maintenance medium.
~" Confluent monolayers of carrier cultures grown at 35 °C were incubated at 3z °C for 2 days in the maintenance medium.
:~ c.p.e, was graded from (-) to (+ + + +), depending on the percentage of cells exhibiting c.p.e. The maximal degeneration (+ + + +) signifies that 75 ~ of cells exhibited c.p.e.
§ For fluorescent antibody staining of intracytoplasmic V and S antigens, cells grown on coverslips were used after fixation by acetone for 2o rain at room temperature.
L[ Not done.
Establishment of carrier cultures in other cell lines
To test the capability of HVJ-pi to establish carrier state cultures in other cell lines, monolayers of L, Vero, HeLa and FL cells were infected with egg-grown HVJ-pi, maintained for 2 days, and subcultured as described above. All these cell lines showed little or no c.p.e. and were easily subcultured, leading to establishment of carrier cultures. DISCUSSION A culture of BHK cells persistently infected with HVJ (BHK-HVJ) has been maintained for 4 years in this laboratory. All previous attempts to isolate infectious virus from BHK-HVJ cells were unsuccessful. Infectious virus, however, was recovered recently by inoculating BHK-HVJ cell suspension into eggs incubated at 32 °C (Kimura et al. I975) . This fact may indicate that BHK-HVJ cells had been bearing the complete virus genomes. Nevertheless we have been unable so far to isolate infectious virus in eggs from haemagglutinating particles released in the medium. In the present study it was revealed that the haemagglutinating particles in the culture fluid of BHK-HVJ cells were infectious to BHK cells, producing progeny virus infectious to eggs. The mechanism behind the change of infectivity for chick embryos is still unknown.
HVJ-pi, thus isolated in eggs I¥om the culture fluid of BHK-HVJ cells, was found to be quite different from HVJ-38, which was obtained from wild type HVJ by three passages in eggs at 38 °C. The comparative properties of these two viruses are; (a) HVJ-pi is temperature sensitive in its ability to produce virus progeny, (b) the EIDs0/HAU ratio of HVJ-pi is as low as 1/IOOO the CIU/HAU ratio, that is, infectivity for embryonated eggs of HVJ-pi is very low when compared with that for L cells, (c) the virus particles of HVJ-pi show significantly higher neuraminidase activity per HA unit than does HVJ-38 virus, (d) HA and neuraminidase activity of HVJ-pi were less stable at 5o °C than those of HVJ-38, (e) the polypeptide composition of BHK-grown HVJ-pi was suggested to be rather different from that of BHK-grown HVJ-38 in their relative quantities, although no significant differences could be found in egg-grown viruses. The virions of BHK-grown HVJ-pi seemed to contain less of the envelope glycoproteins (HN, Fo and F) than those of BHK-grown HVJ-38, (f) BHK cells infected with HVJ-pi release haemagglutinin more efficiently, and less HA was accumulated on the cell membrane, (g) HVJ-pi has little or no cytopathogenicity and can easily cause persistent infection in various cell lines. Some of these properties of HVJ-pi are similar to that of HVJ-pB reported in the preceding paper from our laboratory. HVJ-pi is, however, distinctive in its much lower cytopathogenicity, leading to the establishment of carrier state readily in several cell lines even at permissive temperature as well as nonpermissive temperature. Choppin (1964) , Holmes & Choppin (1966) and Alexander et al. (1973) suggested that the c.p.e, of paramyxoviruses is caused by accumulation of virus products on the cell membrane. In considering these reports, the finding that virus particles of HVJ-pi, compared with HVJ-38, released more efficiently from the infected cells without accumulation of virus products on the cell membrane may account for the lower cytopathogenicity of HVJ-pi. Palese, Tobita & Ueda (1974) suggested that the neuraminidase of influenza virus is required to remove neuraminic acid from the virus envelope to avoid aggregation of the progeny virus and prevent some virus particles from binding to receptor molecules on the cell surface. In view of this report along with the comparative activities of the neuraminidase of HVJ-pi and HVJ-38, the significantly higher neuraminidase activity of HVJ-pi may help to explain the more efficient virion release from infected cells observed in HVJ-pi-infected BHK cultures. In considering these results, along with the differences of the poIypeptide pattern and heat sensitivity of the HA and neuraminidase at 5o °C between the two viruses, it is tempting to speculate that the difference in envelope proteins might be involved in the striking difference in c.p.e, between HVJ-pi and HVJ-38. Preble & Youngner (1975) have recently summarized information which suggests that selection of temperature-sensitive mutants may be involved in either establishment or maintenance of persistent infections. Although HVJ-pi isolated from carrier cultures was also found to be temperature sensitive, the mechanism of how the ts characteristics are linked to lower cytopathogenicity or to the establishment of persistent infection, still remains to be clarified.
We have recently isolated several ts mutants from the same BHK-HVJ cells, which were found to be different from each other in their temperature sensitive steps. Experiments are now in progress to study further the relationship of ts characteristics to cytopathogenicity and the establishment of persistent infection using these mutants.
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